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7 Drawing Figure (s); 5 Drawing Page(s) 
584 

A method for selecting a drilling parameter is disclosed. The 
method includes determining a loading displacement relationship for 
samples of earth formations. The loading displacement 
measurements are made by an indenter. The drilling parameter 
is selected from the loading displacement relationship. In one 
embodiment of the invention, the loading displacement relationship is 
determined from cuttings made during drilling of a wellbore. 
The loading displacement relationship determined during drilling 
is used to select at least one drilling parameter during 
drilling to improve drilling performance. 

Drilling parameters which can be selected include mill tooth 

and/or insert bit type; type of gauge protection to be used on 
the bit; type, size and orientation of jet nozzles on the 



bit; and blad^J||ructure, cutter type and dens^^ as well as the 

cutter impac^^ stance for fixed cutter bil^P^her 
drilling parametv..s include weight on bit, drill 
bit rotation rate, and drilling fluid flow rate. 
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13 Drawing Figure (s); 
548 

A roller cone jet-type drill bit with nozzles which direct 
collimated streams of mud at different angles, to sweep different radii 
of the hole bottom. 



Groover, Robert, Formby, Betty 



9 Drawing Page(s) 
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3 Drawing Figure (s); 3 Drawing Page(s) 
834 

A power spectrum density processor is located near the drill bit 
while drilling. The power spectral density processor computes 
the power spectral density of the vibrations generated by the drill 
bit while drilling. The power spectral density 

information is telemetered to the surface where it is used to enhance 
drill bit seismic techniques. 
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9 Drawing Figure (s); 6 Drawing Page(s) 
968 

A drillbit with a flexible nozzle system is provided to address 
bit- and bottom-balling situations. In one embodiment, a given 

nozzle can have an mounting member which is oblong or another shape so 
as to be installable into different positions where, in one position, 
the bit-balling problem is addressed, while in the other, the 
bottom-balling problem is addressed. Other shapes that provide this 
flexibility can also be employed. The nozzle body can also be made with 
a symmetrical mount, with the outlet askew such that the symmetrical 
mount, when placed in a strategically located nozzle opening, can 
address bit- or bottom-balling situations by a simple reversal 
of the orientation where multiple orientations are available for the 
base. Alternatively, in the area between adjacent cones, multiple 
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nozzle 



installations can be provided to independently address the bit 
-balling and bottom-balling situations between adjacent cones. In any 
given bit, individual nozzles to address bit- or 

bottom-balling can be mounted between different pairs of cones so as to 

be able to address both problems in a bit body design that 

only provides for a single nozzle outlet between each of the cones. 
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AB A novel and improved roller cone drill bit and method of 

design are disclosed. A roller cone drill bit for 
drilling, through subterranean formations having an upper 

connection for attachment to a drill string, and a plurality cutting 
structures rotatably mounted on arms extending downward from the 
connection. A number of teeth are located in generally concentric rows 
on each cutting structure. The actual trajectory by which the teeth 
engage the formation is mathematically determined. A straight-line 
trajectory is calculated based on the actual trajectory. The teeth are 
positioned in the cutting structures such each tooth having a designed 
engagement surface is oriented perpendicular to the calculated 
straight-line trajectory. 
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24 Drawing Figure (s) 
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This invention discloses a drilling structure having a body 
defining at least one primary channel and at least one secondary 

channel 

therein to initiate and maintain recirculation of an amount of 
drilling fluid back through the secondary channel to maintain 
positive, independent flow of drilling fluid through each 
primary channel of the drilling structure. The recirculation 
of drilling fluid is encouraged by providing a recirculation 
passageway in fluid communication with the primary channel defined by 
portion of the body of the drilling structure that separates 
positively flowing drilling mud from drilling mud 

that is being recirculated. The recirculation action of the fluid in 
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the 



recirculating loop may be fed and brought about by entrainment of the 



fluid with j ed fluid from an adjacent nozag^ The portion of the 
body ^9 \ 

may form a pai .tion, such as a wall extending least partially 
between the sides of the primary channel, a fin positioned within the 
primary channel that generally radially extends from the centerline of 
the drilling structure, or an internal channel or feeder that 
extracts fluid from the annulus at a point of low velocity and 
reintroduces it at a point of higher velocity proximate the bit 
face, usually near a nozzle. In addition, portions of the 
drilling structure are streamlined to further encourage 

positive, stable flow of fluid and formation cuttings generated from an 
associated cutting structure. 
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A downhole sensor sub is provided in the lower end of a drillstring, 
such sub having three orthogonally positioned accelerometers for 
measuring vibration of a drilling component such as the drill 
bit and/or the bottom hole assembly (BHA) along the X, 

Y and Z axes. The lateral acceleration is measured along either the X 



Y axis and then analyzed in the frequency domain as to peak frequency 
and magnitude at such peak frequency. Backward whirling of the 

drilling component is indicated when the magnitude at the peak 

frequency exceeds a predetermined value. A low whirling frequency 
accompanied by a high acceleration magnitude based on empirically 
established values is associated with destructive vibration of the 

drilling component. One or more drilling parameters 

(weight on bit, rotary speed, etc.) is then altered to reduce 
or eliminate such destructive vibration. 
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AB This invention discloses a drilling structure having a body 

defining at least one primary channel and at least one secondary 

channel 

therein to initiate and maintain recirculation of an amount of 
drilling fluid back through the secondary channel to maintain 
positive, independent flow of drilling fluid through each 
primary channel of the drilling structure. The recirculation 
of drilling fluid is encouraged by providing a recirculation 
passageway in fluid communication with the primary channel defined by a 
portion of the body of the drilling structure that separates 
positively flowing drilling mud from drilling mud 

that is being recirculated. The recirculation action of the fluid in 



the 



body 



recirculating loop may be fed and brought about by entrainment of the 
fluid with jetted fluid from an adjacent nozzle. The portion of the 

may form a partition, such as a wall extending at least partially 
between the sides of the primary channel, a fin positioned within the 
primary channel that generally radially extends from the centerline of 
the drilling structure, or an internal channel or feeder that 
extracts fluid from the annulus at a point of low velocity and 
reintroduces it at a point of higher velocity proximate the bit 
face, usually near a nozzle. In addition, portions of the 
drilling structure are streamlined to further encourage 

positive, stable flow of fluid and formation cuttings generated from an 
associated cutting structure. 
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AB This inventi^^ 'iscloses a drilling structurd^P""ing body a 

defining at it. one primary channel and at It X one secondary 

channel 

therein to initiate and maintain recirculation of an amount of 
drilling fluid back through the secondary channel to maintain 
positive, independent flow of drilling fluid through each 
primary channel of the drilling structure. The recirculation 
of drilling fluid is encouraged by providing a recirculation 
passageway in fluid communication with the primary channel defined by a 
portion of the body of the drilling structure that separates 
positively flowing drilling mud from drilling mud 

that is being recirculated. The recirculation action of the fluid in 

the 

recirculating loop may be fed and brought about by entrainment of the 
fluid with jetted fluid from an adjacent nozzle. The portion of the 

body 

may form a partition, such as a wall extending at least partially 
between the sides of the primary channel, a fin positioned within the 
primary channel that generally radially extends from the centerline of 
the drilling structure, or an internal channel or feeder that 
extracts fluid from the annulus at a point of low velocity and 
reintroduces it at a point of higher velocity proximate the bit 
face, usually near a nozzle. In addition, portions of the 
drilling structure are streamlined to further encourage 

positive, stable flow of fluid and formation cuttings generated from an 
associated cutting structure. 
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A pair of stabilizers are placed in a string of drill pipe having a 
drill bit or a coring bit at its lower end, the 

placement of the stabilizers being such that the distance (dl) between 
the midpoint (mean transverse section) of the gauge surface of the 
bit and the midpoint (mean transverse section) of such first 

stabilizer bears a relationship to the distance (d2) between the 
midpoints of the two stabilizers. The ratio of dl to d2 (dl/d2) should 
be between 1/1.5 to 1/5, and preferably between 1/2 and 1/3, with dl 
being maintained less than five feet, preferably less than three feet. 
In one embodiment, the drill bit and the two stabilizers are 
formed in a monoblock. 
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A subterranean drill bit operable with a rotational drive 
source is provided, for drilling in subterranean earthen 
materials to create a borehole having a borehole wall. The drill 
bit comprises a drill bit body having a base portion, 

a gauge portion and a face portion disposed about a bit axis. 
A plurality of diamond cutting elements are fixedly disposed on and 
project from the face portion and are spaced from one another. The 
cutting elements are disposed for causing a net radial imbalance force 
during the drilling along a net radial imbalance force vector 
substantially perpendicular to the bit axis. A substantially 
continuous cutter devoid region is disposed on the gauge portion about 
the force point, and a bearing support is disposed in the cutter devoid 
region about the force point for substantially continuously contacting 
the borehole wall during the drilling. The cutting elements 
are positioned to cause the net radial imbalance force to substantially 
maintain the bearing support in contact with the borehole wall during 
the drilling, to cause the net radial imbalance force vector 
to have an equilibrium direction, and to cause the net radial imbalance 
force vector to return substantially to the equilibrium direction in 
response to a disturbing displacement. 
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AB An earth drilling bit that cuts concentric 

annular kerfs ahead of primary drilling means and thereby 
increases drilling rate. The bit includes a 

bit body having a lower end forming an annular cutter for 

cutting an outer annular kerf, an inner drill member positioned 
concentrically within the bit body having a lower end forming 
an annular cutter for cutting an inner annular kerf, a plurality of 
rotary drilling members attachedly arranged between the 

bit body and inner drill member positioned so lowermost cutting 
edges are above lowermost edges of the annular cutters of the 

bit body and inner drill member for removing material between 
the outer and inner annular kerfs, and plurality of drilling 
members attachedly arranged within the inner drill member positioned so 
lowermost cutting edges are above lowermost edges of the annular cutter 
of the inner drill member for removing material within the inner 

annular 

kerf. 
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The methods disclosed herein incorporate the basic concepts and 
methodologies of a new general rock-bit interaction model 
useful in predicting and controlling drilling trajectories in 
directional (and deep vertical) wells. It accounts for the anisotropic 
drilling characteristics of both the formation and the 
bit. The model is developed in a 3-D geometry. Therefore, it is 

capable of predicting the walk tendency and the build-drop tendency of 

given BHA (bottomhole assembly) under any drilling condition. 

The model can be used in the forward mode to predict the 
drilling direction; in the inverse mode to generate the rock and 
bit anisotrophy indices; and in the log-generation mode to 

generate drilling logs, such as a drilling dip- log. 
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A drill bit and a method for deep-hole 
drilling in which the drill bit has mechanical cutting 

means located on its lower cutting face for cutting a solid surface 

rotation of the bit and a plurality of cavitating liquid jet 
nozzles spaced around the face of the bit to assist in the 
drilling action, the nozzles being located so as to discharge a 
plurality of downwardly directed and concentric liquid jets that 
cavitate to fracture the surface to be drilled in a series of 
non-overlapping slots as the bit is rotated. 
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A drill bit and a method for deep-hole 
drilling in which the drill bit has mechanical cutting 

means located on its lower cutting face for cutting a solid surface 

rotation of the bit and a plurality of cavitating liquid jet 
nozzles spaced around the face of the bit to assist in the 
drilling action, the nozzles being located so as to discharge a 
plurality of downwardly directed and concentric liquid jets that 
cavitate to fracture the surface to be drilled in a series of 
non-overlapping slots as the bit is rotated. 
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Rock drilling method and apparatus utilizing high pressure 
water jets for drilling holes of relatively small 

diameter at speeds significantly greater than that attainable with 
existing drilling tools. Greatly increased drilling 

rates are attained due to jet nozzle geometry and speed of rotation. 



2 Drawing Page(s) 



The 



jet nozzle design has two orifices, one pointing axially ahead in the 
direction of travel and the second inclined at an angle of 
approvimately 

30. degree, from the axis. The two orifices have diameters in the ratio 
of approximately 1:2. Liquid jet velocities in excess of 1,000 ft/sec 
are used, and the nozzle is rotated at speeds up to 1,000 rpm and 
higher . 
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A torque limiting device that allows a drill string to rotate relative 
to the cutting structure of the bit when a predetermined 
torque is applied between the cutting structure of the drill bit 
and the drill string. The torque limiting device utilizes a retaining 
member which restricts rotational movement of a first component of the 
torque limiting device relative to a second component. When a 
sufficient 

torque load is placed on the cutting structure of the drill bit 
, the retaining member allows rotational movement of the first 
component 

relative to the second componenJ: and allows the drill string to 
continue 

to rotate relative to the cutting structure of the bit until 

the torque is sufficiently reduced. The torque limiting device may be 



an 



integral part of a drill bit, may be a separate device 
attached between the drill string and the drill bit or between 
the drill string and a downhole motor, or may be part of a near- 
bit sub or incorporated in a downhole motor. 
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A torque limiting device that allows a drill string to rotate relative 
to the cutting structure of the bit when a predetermined 
torque is applied between the cutting structure of the drill bit 
and the drill string. The torque limiting device utilizes a retaining 
member which restricts rotational movement of a first component of the 
torque limiting device relative to a second component. When a 
sufficient 

torque load is placed on the cutting structure of the drill bit 
, the retaining member allows rotational movement of the first 
component 

relative to the second component and allows the drill string to 
continue 

to rotate relative to the cutting structure of the bit until 

the torque is sufficiently reduced. The torque limiting device may be 



an 



integral part of a drill bit, may be a separate device 
attached between the drill string and the drill bit or between 
the drill string and a downhole motor, or may be part of a near- 
bit sub or incorporated in a downhole motor. 
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AB A torque limits .*g device that allows a drill .ng to rotate relative 

to the cutting structure of the bit when a predetermined 
torque is applied between the cutting structure of the drill bit 
and the drill string. The torque limiting device utilizes a retaining 
member which restricts rotational movement of a first component of the 
torque limiting device relative to a second component. When a 

sufficient 

torque load is placed on the cutting structure of the drill bit 
, the retaining member allows rotational movement of the first 
component 

relative to the second component and allows the drill string to 
continue 

to rotate relative to the cutting structure of the bit until 

the torque is sufficiently reduced. The torque limiting device may be 

an 

integral part of a drill bit, may be a separate device 
attached between the drill string and the drill bit or between 
the drill string and a downhole motor, or -may be part of a near- 
bit sub or incorporated in a downhole motor. 
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A novel and improved roller cone drill bit and method of 
design are disclosed. A roller cone drill bit for 
drilling through subterranean formations having an upper 

connection for attachment to a drill string, and a plurality cutting 
structures rotatably mounted on arms extending downward from the 
connection. A number of teeth are located in generally concentric rows 
on each cutting structure. The actual trajectory by which the teeth 
engage the formation is mathematically determined. A straight-line 
trajectory is calculated based on the actual trajectory. The teeth are 
positioned in the cutting structures such each tooth having a designed 
engagement surface is oriented perpendicular to the calculated 
straight-line trajectory. 
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AB A torque limiting device that allows a drill string to rotate relative 

to the cutting structure of the bit when a predetermined 
torque is applied between the cutting structure of the drill bit 
and the drill string. The torque limiting device utilizes a retaining 
member which restricts rotational movement of a first component of the 
torque limiting device relative to a second component. When a 

sufficient 

torque load is placed on the cutting structure of the drill bit 
, the retaining member allows rotational movement of the first 
component 

relative to the second component and allows the drill string to 
continue 

to rotate relative to the cutting structure of the bit until 

the torque is sufficiently reduced. The torque limiting device may be 

an 

integral part of a drill bit, maybe a separate device attached 
between the drill string and the drill bit or between the 
drill string and a downhole motor, or may be part of a near-bit 
sub or incorporated in a downhole motor. 
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A steel tooth, particularly suited for use in a rolling cone bit 
, includes a root region, a cutting tip spaced from the root region and 
a gage facing surface therebetween. The gage facing surface includes a 
j^nee, and is configured such that the cutting tip is maintained at a 
position off the gage curve. So positioned, the cutting tip is freed 
from having to perform any substantial cutting duty in the corner on 



P.C. 



20 Drawing Page(s) 



the 



borehole coi^^, and instead may be conf igura^tend optimized for bottom 
hole cutting c^^" The knee on the gage facing ^^**ace is 

configured ana positioned so as to serve primai. _y to cut the borehole 
wall. It is preferred that the knee be positioned off gage, but that it 
be closer to the gage curve than the cutting tip. 
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A drag bit for soft formation is disclosed which consists of a 
new cutting mechanism. The drag bit face forms one or more 
pairs of radially disposed ridges separated by a valley whereby a 
leading ridge supports multiple rounded projections and the following 
ridge supports multiple positiv- rake angle cutters. The rounded 
projection elements move aside an elastic earth formation and 
the separated and trailing cutters clip off the dislodged formation to 
advance the bit in a borehole. 
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drill string and to reduce or prevent wellbore deviation 
drilling, weight rods by which weight is to be 
11 bit are maintained free-standing and under 
thin a drill string while the drill string itself is 
tension to limit or prevent lateral deviation of the 
compression. Weight provided by the weight rods is 
the drill bit through a load transfer member in 



compression 



nected between the drill striijj^^nd the drill bit 
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The methods disclosed herein incorporate the basic concepts and 
methodologies of a new general rock-bit interaction model 
useful in predicting and controlling drilling trajectories in 
directional (and deep vertical) wells. It accounts for the anisotropic 
drilling characteristics of both the formation and the 
bit. The model is developed in a 3-D geometry. Therefore, it is 

capable of predicting the walk tendency and the build-drop tendency of 
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given BHA (bottomhole assembly) under any drilling 

condition. The model can be used in the forward mode to predict the 
drilling direction; in the inverse mode to generate the rock and 
bit anisotrophy indices; and in the log-generation mode to 

generate drilling logs, such as a drilling dip log. 
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g device that allows a drill string to rotate relative 
tructure of the bit when a predetermined 



torque is apj^ked between the cutting structtw^^of the drill bit 
and the dril^^*-ring . The torque limiting de\^^".utili2es a retaining 
member which l .tricts rotational movement of i. /irst component of the 
torque limiting device relative to a second component. When a 
sufficient 

torque load is placed on the cutting structure of the drill bit 
^» , the retaining member allows rotational movement of the first 

component 

, relative to the second component and allows the drill string to 
continue 

to rotate relative to the cutting structure of the bit until 

the torque is sufficiently reduced. The torque limiting device may be 

an 

integral part of a drill bit, may be a separate device 
attached between the drill string and the drill bit or between 
the drill string and a downhole motor, or may be part of a near- 
bit sub or incorporated in a downhole motor. 
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A torque limiting device that allows a drill string to rotate relative 
to the cutting structure of the bit when a predetermined 
torque is applied between the cutting structure of the drill bit 
and the drill string. The torque limiting device utilizes a retaining 
member which restricts rotational movement of a first component of the 
torque limiting device relative to a second component. When a 
sufficient 

torque load is placed on the cuLting structure of the drill bit 
, the retaining member allows rotational movement of the first 
component 

relative to the second component and allows the drill string to 
continue 

to rotate relative to the cutting structure of the bit until 

the torque is sufficiently reduced. The torque limiting device may be 
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an 



integral part of a drill bit, may be a separate device 
attached between the drill string and the drill bit or between 
the drill string and a downhole motor, or may be part of a near- 
bit sub or incorporated in a downhole motor. 
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A cutter element for a drill bit. The cutter element has a 
base portion and an extending portion and the extending portion has 
either a zero draft or a negative draft with respect to the base 
portion. The non-positive draft allows more of the borehole bottom to 

scraped using fewer cutter elements. The cutter elements having 
non-positive draft can be either tungsten carbide inserts or steel 
teeth. 
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A cutter element for a drill bit. The cutter element has a 
non-rectilinear crest. The non-rectilinear or curvilinear crest 
provides 

an advantageous distribution of the cutting forces across the body of 
the cutter elements and thus improves bit life. The 

curvilinear crest also allows the cutter element to more efficiently 
lift the portion of the formation that is being cut, thereby improving 
cutting action in certain formations. The cutter elements can have 
either positive or non-positive draft and can be tungsten carbide 
inserts . 
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A novel and improved roller cone drill bit and method of 
design are disclosed. A roller cone drill bit for 
drilling through subterranean formations having an upper 

connection for attachment to a drill string, and a plurality cutting 
structures rotatably mounted on arms extending downward from the 
connection. A number of teeth are located in generally concentric rows 
on each cutting structure. The actual trajectory by which the teeth 
engage the formation is mathematically determined. A straight-line 
trajectory is calculated based on the actual trajectory. The teeth are 
positioned in the cutting structures such each tooth having a designed 
engagement surface is oriented perpendicular to the calculated 
straight-line trajectory. 
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An excavating system, such as for drilling an oil or gas well, 
includes a source of high pressure fluid and a drillstring through 
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which 



the fluid is conducted to an excavating apparatus connected to the 
bottom of the drillstring. The excavating apparatus includes a drill 
bit having mechanical cutting elements for mechanically boring 

into an earthen formation. The excavating apparatus also includes a 
nozzle rotatably mounted to the body of the drill bit so that 
the nozzle is rotatable about an axis of rotation different from the 
axis of rotation of the drill bit. As the drill bit 

is rotated about its axis of rotation, high pressure fluid is ejected 
from the nozzle to rotate the nozzle about its axis of rotation while 
the nozzle orbits the axis of rotation of the drill bit. This 
combined rotary and orbital motion combined with the positioning of the 
one or more ports of the nozzle produce a high pressure jet spray 
scouring substantially all the cross-sectional area engaged by the 
mechanical cutting elements of the drill bit as the drill 
bit rotates . 
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A roller bit for use with a drill string, having at least two 
cutters which are generally conically shaped; each cutter includes one 
or more teeth in inclined planes across a conical surface. The 
bit is attached to the drill string with the axis of rotation of 

the cutter angled with respect to the longitudinal axis of the drill 
string. The teeth on each cutter are arranged for maximum cuttings size 
and penetration rate. 
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A cutter element for a drill bit. The cutter element has a 
base portion and an extending portion and the extending portion has 
either a zero draft or a negative draft with respect to the base 
portion. The non-positive draft allows more of the borehole bottom to 

scraped using fewer cutter elements. The cutter elements having 
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non-positiv^^:af t can be either tungsten caj^^e inserts or steel 
teeth. ^^-^ 



